injection valve to inject working and sample solutions into the carrier stream. The latter was sonicated to release possible air bubbles. A model LC-10 ADVP pump (Shimadzu) was used to deliver the carrier reagent at a flow rate of 0.5 mL min -1 . A model Lambda SPD-10AVP UV-VIS detector (Shimadzu) was used for the detection of derivatized products of TP, PC and LV. Data acquisition was performed on class-VP software.
Sample preparation
Ten tablets for TP or LV and ten capsules or tablets for PC were weighed and finely powdered. A portion of the powder equivalent to about 50 mg of TP, PC or LV was accurately weighed, dissolved and diluted to 100 mL with methanol. The sample solution was filtered. Further dilutions of the sample solution were suitably carried out with methanol to reach the linearity range. This diluted sample solution was injected into the FIA manifold and the peak height was interpolated into the calibration graph.
Optimization of the flow injection assay
The factors investigated during the optimization were the concentration of OPA (A) and volume of ME (B) in the reagent, pH (C) and ionic strength (D) of the buffer, and the reagent flow rate (E). Selection of upper and lower limits of these factors was done using a screening design. These levels were based on literature data (13), on stoichiometric calculations for the chemical reaction parameters and on the experiments, so that the residence time (the time from injection to the peak maximum) levels would be between 15 and 25 s for complete reaction. 
A quarter-fraction factorial design for five factors at two levels was used to screen the effects of the factors on peak height. For each factor, an upper (+1) and a lower (-1) level were defined (Table I) . Only 2 5-2 (eight) experiments have to be performed (Table I) .
The effect of each variable on the response is calculated as the difference between the average results at the (+1) level and at the (-1) level of the variable:
where S Y(+1) and S Y(-1) are the sums of the responses where factor x is at its high (+1) and at its low (-1) level, respectively, and n is the number of times each factor is at the (+1) or (-1) level. Normalized effects (%E x ) can be calculated as %E x = (E x /Y \ )*100 with Y \ being the average nominal peak height (Table II) .
Validation
Fifty mg of TP, PC and LV were separately dissolved in 100 mL methanol. Diluted standard solutions were prepared by appropriate dilutions with methanol to reach a concentration range of 5-35 mg mL -1 of each drug. This solution was injected into a FIA manifold and the peak height was plotted against the corresponding concentration to obtain the calibration graph.
Linearity and range. -Linearity of the proposed method was evaluated by analyzing seven concentrations of each drug within the concentration range mentioned above. Each concentration was measured three times. The assay was performed according to experimental conditions previously established. The calibration graph was constructed by plotting the peak height measured at 295 nm against the corresponding concentrations of TP, PC, or LV.
Selectivity. -A synthetic mixture consisting of the drug (TP, PC or LV), talc, starch, lactose, magnesium stearate, microcrystalline cellulose in the ratio 1:1.5:2:1.5:3:2.5 was prepared by thorough mixing of the constituents. An amount of the mixture equivalent to 50 mg of each drug was accurately weighed, dissolved and diluted to 100 mL with methanol. The solution was filtered. Further dilutions were suitably carried out with methanol to reach the linearity range. The steps described under the assay of dosage forms were followed to determine the percent recovery of each drug.
Precision. -For 5.0, 10.0 and 35.0 mg mL -1 of each drug, the assay described under the general analytical procedure was repeated three times within a day to determine the repeatability (intra-day precision) and eight times on different days to determine the intermediate precision (inter-day precision) of the method. Relative standard deviation values for TP, PC and LV for intra-day precision and inter-day precision were calculated.
Detection and quantitation limits. -The limit of detection (LOD) and limit of quantification (LOQ) were calculated according to the current ICH guidelines as the ratio of 3.3 and 10 standard deviations of the blank (n = 7), respectively, and the slope of the calibration line (14) .
Accuracy. -The validity of the proposed method for determination of the drug in pharmaceutical formulations was tested by applying the standard addition technique. The study was performed by addition of known amounts of the studied compound to the known concentration of a commercial pharmaceutical product.
RESULTS AND DISCUSSION
Direct spectrophotometric determination of TP, PC and LV has poor sensitivity due to low UV absorption of the compounds tested (Fig. 1a) . TP, PC, and LV contain a primary aliphatic amino group, which is known to react with OPA in the presence of ME (which contains a thiol group) at alkaline pH (Scheme 1) (15) . A reagent consisting of OPA and ME in an alkaline borate buffer is pumped through the FIA manifold. Each drug solution is injected into the flowing stream. TP, PC, and LV react with the reagent stream yielding a derivative which can be measured spectrophotometrically at 295 nm (Fig. 1b) . Preliminary experiments were done to achieve two objectives. The first was to determine the optimal detection wavelength and the second to examine the most effective way for signal processing (peak height versus peak area).
Signal processing using peak height proved to be advantageous over peak area in term of accuracy. Under the specified experimental conditions, the recovery ± SD for TP, PC and LV was 97.6 ± 0.4, 98.1 ± 0.3 and 99.0 ± 0.3 %, respectively, for peak height and 103.2 ± 3.5, 103.5 ± 3.5 and 99.7 ± 3.4 %, respectively, for peak area evaluation (for n = 7 in both cases). Peak height was selected as the preferred approach for signal evaluation.
Optimization of the flow injection assay
The values of the effects of variables, which are presented in Table II , indicate that the concentration of OPA, ionic strength, and pH of the solution have a negative significant effect on the peak height while the volume of ME and flow rate have a positive significant effect. This means that the low level of OPA concentration (50 mg per 100 mL) gave a higher peak than the high level (100 mg per 100 mL). Experiments, done at OPA concentration of 10 and 40 mg per 100 mL gave poorer responses than the concentration of 50 mg per 100 mL (concentration defined as optimal).
The maximum analytical response was obtained at ionic strength of 0.1 mol L -1 and this value was defined as the optimal one. The responses deteriorated at ligher (0.4 mol L -1 ) and lower (0.05 and 0.07 mol L -1 ) ionic strength.
Reagent pH of 9.4 gave a higher peak than pH 11.4. At pH 8 the results deteriorated and the optimal reagent pH was defined as 9.4. Wavelength (nm) Wavelength (nm) Fig. 1 . Absorption spectra of: a) 10 mg mL -1 TP (---), 10 mg mL -1 PC (--) and 10 mg mL -1 LV (----) and b) reaction product of 10 mg mL -1 TP (---), 10 mg mL -1 PC (----) and 10 mg mL -1 LV (---) with OPA and ME in a borate buffer (pH 9.4), I = 0.1 mol L -1 , against reagent blank.
The higher level of ME volume (100 mL) gave a higher peak than the lower level (50 mL). By the use of 150 mL ME no significant increase in response was observed.
Also, at higher level of flow rate (1 mL min -1 ) a higher peak was obtained than at the lower level (0.5 mL min -1 ). Since flow rate of 1 mL min -1 gave a residence time of approximately 10 s and this time was too short for reaction to complete, in further optimization the flow rate was set at 0.5 mL min -1 , which assured residence time of approximately 20 s.
The effect of the volume of injected sample was studied in the range of 10-50 mL. A non-linear increase of the signal was observed within that range. This was expected, since the volume of the sample injected in a FIA system is inversely proportional to the dispersion of the sample zone. The value of 20 mL was selected for further experiments as a compromise between sensitivity and linear concentration range.
The length of the tubing was first varied between the limits of 0.5 and 2 m. These experiments have shown that the shorter the length of the tubing, the higher the peak obtained for TP, PC and LV. This result is what one expects for fast chemical reactions, because the shorter the length, the smaller will be the dispersion of the sample zone. Since the repeatability for a tubing length of 0.5 m was not good, a tubing length of 0.75 m was chosen for in further experiments.
Typical FIA recordings for TP, PC and LV are given in Fig. 2 .
Validation
Calibration plots for TP, PC and LV assays were linear over the calibration range 5-35 mg mL -1 (Table III) .
Relative standard deviation values for TP, PC and LV were found to be 1.3, 1.2 and 1.0 % for repeatability (intra-day precision) and 2.0, 1.7 and 1.5 % for intermediate precision (inter-day precision), respectively, indicating high precision of the method. Detection limits for TP, PC and LV were estimated as 0.02, 0.04 and 0.04 mg mL -1 , respectively, and the quantitation limits for TP, PC and LV were 0.07, 0.11 and 0.13 mg mL -1 , respectively.
The results of selectivity studies, as shown in Table IV , confirm that the proposed method is selective, accurate and precise even in the presence of various excipients.
The percentage recovery values obtained for TP, PC and LV were in the range from 99.3-101.3, 98.3-100.4 and 99.7-100.2 %, respectively. In all cases, the results showed fairly good accuracy of the method (Table V) . 
Analysis of pharmaceutical products
The optimized procedure was successfully applied to the determination of TP, PC and LV in pharmaceutical formulations (Table VI) . The results obtained were statistically compared with published HPLC methods (4, 9, 10) for each drug. The results obtained by the proposed method agreed well with those of the published HPLC methods. The results were also compared statistically, using Student's t-test for accuracy and a variance F-test for precision, with those of the published methods at 95 % confidence level. The results showed that the calculated t-and F-values did not exceed the tabulated values, inferring that the proposed method is as accurate and as precise as published HPLC methods. The reported methods and the proposed method are compated in Table VII . The proposed method was found to be superior to the reported methods with respect to speed, simplicity, sensitivity and cost-effectiveness. It is less costly and it does not require expensive equipment or high-cost reagents like the reported HPLC methods (2, 6, 8, 9, 11) . 
CONCLUSIONS
Derivatization of TP, PC, and LV with the OPA-ME method proved to be a simple procedure with excellent sensitivity. The use of flow injection methodology to automate the reaction led to considerable savings in analysis time and reagent consumption with small volumes of samples to be injected. The spectrophotometric FIA method developed is rapid, precise, accurate and of low cost and could therefore be of high interest to quality control laboratories or in the pharmaceutical industry for routine quantitative analysis of drugs.
